and SCs, negative regulators are typically down-regulated, whereas positive regulators are induced during differentiation. This balance of positive and negative regu latory circuitry likely controls the timing of differentiation of myelinating cells.
The discovery of functional small noncoding RNAs (e.g., miRNAs) reveals novel posttranscriptional regulation that controls or fine-tunes the transcriptional output. Recent studies have revealed that complex miRNA regulatory machinery acts cooperatively and combinatorially to modulate the activities of known transcription regulators and signaling networks and thereby control neural cell fate specification and differentiation (Vo and others 2010) . This review summarizes recent findings of miRNAs in regulating differentiation of myelinating cells in the CNS and PNS, with a focus on how miRNA pathways integrate into regulatory circuitries to control cell differentiation.
Expression and Function of miRNAs
miRNAs are a class of ~21 to 23 nucleotide small noncoding RNAs that silence cognate targets by base-pairing with 3′ untranslated region (3′UTR) of mRNAs of proteincoding genes. The primary precursors of miRNAs (pri-miRNAs) are transcribed by RNA polymerase II. In animals, most pri-miRNAs are processed by the endonuclease Drosha and its cofactor DGCR8 into 60 to 100 hairpin-containing pre-miRNAs in the nucleus. After being exported to the cytoplasm by exportin 5, most pre-miRNAs are further cleaved by the RNaseIII-like endonuclease, Dicer1, to yield mature miRNAs (Jinek and Doudna 2009) . Although this appears to be the norm, recent studies describe a few miRNAs that are processed in a Drosha-independent manner (Han and others 2009) , whereas other miRNAs appear to be Dicer1 independent (Cao and others 2009; Chong and others 2010) . The mature miRNAs are then incorporated into the RNA-induced silencing complex (RISC), which recognizes specific mRNAs and induces posttranscriptional gene silencing such as by inhibiting translational initiation, targeting mRNAs for destabilization or degradation through deadenylation, or sequestering targets into cytoplasmic P bodies (Bartel 2009) (Fig. 1) . A short "seed" sequence complementarity in 5′ miRNA (position 2-8) allows a single miRNA to pair with the 3′UTR of hundreds of mRNAs (Bartel 2009 ). To add a level of complexity, miRNAs are also found to recognize seedless sites, 5′UTRs, and coding regions of mRNAs (Asirvatham and others 2008; Lal and others 2009; Tay and others 2008) . miRNAs mediate gene-regulatory events by targeting to the mRNAs of protein-coding genes to direct their repression mainly through either translational inhibition or mRNA destabilization. A recent study shows that in mammalian cells, most miRNAs execute their effects predominantly through mRNA destabilization rather than the conventional view of "translational repression" (Guo H and others 2010) ( Fig. 1) . Although most regulatory miRNAs appear to have a negative regulatory role, there are a few cases of miRNAs that execute activating functions to up-regulate translation (Schwartz and others 2008; Vasudevan and others 2007) . Like transcriptional regulatory factors, the expression level of miRNAs is tightly regulated in a spatially and temporally controlled manner and responds to environmental cues and cellular states. Together, these properties allow miRNAs to act as "micromanagers" to regulate nearly every single process of development and disease (Bartel 2009; Liu and Olson 2010; Vo and others 2010) .
miRNAs are shown to widely participate in neurogenesis, including cell fate determination, neural patterning, synaptic plasticity, activity-dependent regulation, and neurological diseases (Kosik 2006; Vo and others 2010) . The function of individual miRNAs in neural cell-type differentiation appears to be context specific. A negative feedback control between miRNAs and transcriptional regulators has been shown as a common theme to regulate or refine cell lineage differentiation and neuronal activities (Kim and others 2007) (Fig. 2) .
Recently, the link between miRNAs and glial cell development has been emerging. Deletion of miRNAprocessing enzyme Dicer in neural progenitor cells was found to control the switch of neurogenesis to gliogenesis (Kawase-Koga and others 2009; Zheng and others 2010). Overexpression of neurogenic miR-124a and miR-9 is found to inhibit glial fibrillary protein positive (GFAP+) astrocyte formation from embryonic stem (ES) cell-derived neural progenitors. These miRNAs appear to regulate the signaling pathway mediated by STAT3 by blocking STAT3 phosphorylation and activation but not STAT3 mRNA itself (Krichevsky and others 2006) . Thus, miRNAs have critical roles in neuronal and astroglial cell fate decision. Besides neurons and astrocytes, the formation and maintenance of myelinating cells are controlled by the interplay of miRNAs with transcriptional and signaling networks (Emery 2010; Nave 2010; Yu and others 2010) .
miRNAs Maintain the Oligodendrocyte Identity
MiRNA expression profiling analysis of different stages of oligodendrocyte lineage cells sorted from neonatal rat brains reveals a cohort of 43 miRNAs whose expression dynamically changes during the transition from oligodendrocyte precursor cells (OPCs) to premyelinating oligodendrocytes (Lau and others 2008) . Similarly, profiling of distinct stages in oligodendroglial cells derived from human ES cells shows a number of temporally regulated miRNAs during progression of the oligodendrocyte lineage (Letzen and others 2010) . Although a few miRNAs in these two microarray screens are common, the majority of them are not overlapping. This may be due to the difference between human and mouse samples and cell sources. miR-9 is found highly abundant in mouse OPCs and targets the 3′UTR of an mRNA encoding peripheral myelin protein Pmp22. Although its transcript is present in oligodendrocytes, Pmp22 protein is not detectable in oligodendrocytes. Together with inhibition of astrocytic GFAP by miR-9 (Krichevsky and others 2006), these results suggest that miRNAs such as miR-9 may repress expression of non-lineage-related proteins in oligodendrocytes and function as a guardian to maintain oligodendroglial identity. Mir 9 loss-of-function experiments are required to confirm this hypothesis.
Other miRNAs may function to maintain myelin structure. MiR-23 is a negative regulator of lamin B1 (Lin and Fu 2009) . Excessive lamin B1 expression has been shown to cause severe CNS myelin loss in adult-onset autosomal dominant leukodystrophy patients by repressing production of myelin proteins such as myelin basic protein (MBP), proteolipid protein (PLP), and myelin oligodendrocyte glycoprotein (MOG). This suggests that miRNAs such as miR-23 could play an important role in myelin maintenance.
Dicer1-Mediated miRNA Processing Is Required for Oligodendrocyte Differentiation
The role of miRNAs in oligodendrocyte differentiation has been assessed using mouse models in which the Dicer1 gene, responsible for miRNA processing, has been specifically deleted in oligodendrocyte lineage cells. Inactivation Figure 1 . MicroRNA (miRNA) biogenesis and functions. miRNAs are transcribed from endogenous miRNA genes as double-strand primary precursors of mi-RNAs (pri-miRNAs). The pri-miRNAs are processed by Drosha and DGCR8 in the nucleus, producing precursor miRNA (pre-miRNA). The pre-miRNA is then exported to the cytoplasm, where Dicer excises pre-miRNA to yield a miRNA-miRNA* duplex. Typically, only the miRNA is incorporated into the RNA-induced silencing complex (RISC) and becomes functional. Seven-to 8-bp "seed" sequences in 5´ miRNAs are partially complementary to the 3´UTR of protein-coding mRNA targets, which induces posttranscriptional silencing through mechanisms such as mRNA destabilization and translational repression.
of Dicer1 by Cre recombinase directed by Olig1, Olig2, or CNP promoters in the oligodendrocyte lineage beginning at early embryonic stages causes severe dysmyelination and motor behavior deficits, including tremors and seizures (Dugas and others 2010; Zhao and others 2010). Dicer1 deletion leads to a substantial increase of OPC proliferation and a drastic reduction in myelination, suggesting that miRNAs are required for normal OPC cell cycle exit and differentiation.
Although mice with Dicer1 deletion mediated by Olig1-Cre or Olig2-Cre exhibit similar dysmyelination, the former mutants lose the majority of myelin in the CNS and die around postnatal week three, whereas the latter show a developmental delay but ultimate recovery of myelination in adulthood. A possible explanation is that floxed Dicer1 allele is not completely removed by Olig2-Cre in a population of immature oligodendrocytes. Those OPCs that escape Cre excision expand and eventually restore near-normal levels of myelination in adulthood.
Deletion of Dicer1 in adult mice by inducible oligodendrocyte-expressing PLPCreERT resulted in demyelination and progressive axonal degeneration, leading to shor ter animal life span (Shin and others 2009 ). This study suggests that miRNAs are required for not only Figure 2 . Model for microRNA (miRNA)-mediated cell lineage progression and transition. Myelin-forming glial precursors (and any other stem cells) are characterized by their capacity to maintain the original cell pool through self-renewal and to generate progenies with a specific identity. miRNAs precisely control the transition from a proliferative state to terminal cellular differentiation. At proliferative stages, miRNAs are inhibited by repressors to antagonize precocious maturation. During differentiation, miRNAs modulate cell cycle regulators and inhibit precursor cell division. They silence repressors of a specific lineage and prevent the expression of activators in other lineages. All three scenarios restrict and reinforce cell lineage progression and block inappropriate cell fate choice.
oligodendrocyte differentiation but also myelin maintenance and homeostasis. Axonal degeneration observed in these mice suggests a neurotrophic function of myelin. However, given that the PLP promoter may also direct CreERT expression in neuronal cells (Guo F and others 2009) , it would be interesting to investigate whether axonal degeneration is caused by secondary effects due to the loss of myelin or direct loss of Dicer1 in neurons.
Stage-Specific Regulation of Oligodendrocyte Development by miRNAs
To identify the specific miRNAs responsible for oligodendrocyte differentiation, several groups have performed miRNA microarray profiling of miRNAs on isolated OPCs and oligodendrocytes (Dugas and others 2010; Lau and others 2008) or on the CNS tissues of wild-type and myelin-deficient Dicer1 knockout mice (Shin and others 2009; Zhao and others 2010) . These studies identify a cohort of miRNAs that are preferentially enriched in mature oligodendrocytes or down-regulated in myelindeficient Dicer1 mutants. Among them, several miRNAs appear in common across the different profiling data. Most notably, miR-219 and miR-338 are substantially increased at the onset of oligodendrocyte myelination and in mature oligodendrocytes.
Mature oligodendrocyte-expressing miRNAs play a positive role in promoting OPC differentiation. Expression of stable miRNA mimics for either miR-219 or miR-338-5p and miR-338-3p together can promote OPC differentiation and partially rescue the differentiation deficit of Dicer1-deleted OPCs in vitro (Dugas and others 2010; Zhao and others 2010). Overexpression of miR-219 or miR-338 miRNA is sufficient to promote precocious expression of oligodendrocyte lineage markers in the developing chick and mouse CNS (Zhao and others 2010) . Consistently, knockdown of these two miRNAs in cultured OPCs (Dugas and others 2010; Zhao and others 2010) or miR-219 in zebrafish embryos (note that miR-338 is not detectable in the CNS of zebrafish embryos; Zhao and others 2010) inhibits OPC differentiation, suggesting that miR-219 is both sufficient and essential for oligodendrocyte differentiation.
To identify the targets of these miRNAs that are relevant to oligodendrocyte development, a series of computational prediction algorithms reveal miR-219 binding sites in the 3′UTR of a number of genes that have previously been shown to be involved in inhibiting OPC differentiation and maintaining OPCs in the proliferative state, including PDGFRα, Hes5, and Sox6 (Dugas and others 2010; Zhao and others 2010). Despite the lack of sequence homology between miR-219 and miR-338, both miRNAs are predicted to target a disproportionately large number of the same genes involved in negative regulation of oligodendrocyte differentiation such as Hes5 and Sox6 (Fig. 3) . This prediction has been demonstrated at least by in vitro luciferase assays in heterologous cells, wherein miR-219 and miR-338 are sufficient to repress constructs harboring the 3′UTR of Hes5 and Sox6. Thus, miR-219 and miR-338 may act synergistically to promote OPC differentiation by alleviating the brakes of cell differentiation (Nave 2010) . Interestingly, miR-219 may also target other transcription factors such as Zfp238, FoxJ3, NeuroD1, Isl1, and Otx2 that are potentially involved in neurogenesis (Dugas and others 2010; Zhao and others 2010) (Fig. 3) . Overexpression of these proneural factors is able to inhibit OPC differentiation. miRNA-mediated inhibition of the factors may restrict neural progenitor differentiation to the oligodendrocyte lineage. Other differentially regulated miRNAs such as miR-138 exhibit transient expression in early postmitotic oligodendrocytes. Expression of miR-138 stimulates early differentiation but inhibits oligodendrocyte terminal differentiation (Dugas and others 2010), although the targets of miR-138 have not been identified yet. Together, a network of miRNAs individually or cooperatively regulates distinct stages of oligodendrocyte lineage progression, as well as safeguards against the expression of neuronal and SC lineage genes (Figs. 2 and 3) .
Besides regulating the differentiation program, miR-219 also regulates a lipid metabolism such as by targeting fatty acid elongase ELOVL7, which synthesizes a very long chain of fatty acid. Accumulation of fatty acids was observed in PLP-CreERT Dicer-floxed mice (Shin and others 2009 ), suggesting miRNAs such as miR-219 also play a role in myelin membrane homeostasis.
Control of Oligodendroglial Cell Number by miRNAs
The miR-17-92 miRNA cluster encoding miR-19b and miR-17 is identified as highly enriched in oligodendrocyte lineage cells, including A2B5+ OPCs and GalC+ oligodendrocytes (OLs) (Budde and others 2010; Lau and others 2008) . Targeted inactivation of the miR-17-92 cluster in oligodendrocytes directed by an oligodendrocyte-expressing CNP-Cre line resulted in ~25% reduction of Olig2-positive cells in the brain (Budde and others 2010), although the function of this miRNA cluster in OL differentiation and myelination is not described for the mutant mice. miR-19b appears to target the tumor suppressor gene Pten. Expression of miR-19b in OPCs leads to activation of Akt signaling, a downstream target of Pten, and promotes OPC proliferation. Consistent with the role of this cluster (also known as Oncomir-1) in promoting cell survival (Ventura and others 2008) , the miR-17-92 cluster plays an important role in oligodendrocyte precursor sur vival and proliferation. Collectively, miRNAs control oligodendrocyte differentiation by inactivating transcriptional repressors while promoting OPC cell cycle exit and survival in a temporally specific fashion.
Requirement of miRNAs for Schwann Cell Myelination Revealed by Dicer1 Deletion
SC development is a particularly good model to study the role of miRNAs because SCs undergo a molecularly and ultrastructurally well-defined, multistage process of differentiation over a protracted period of time. During embryonic development, the neural crest gives rise to SC precursors, which then transition to an immature SC state (Jessen and Mirsky 2005) . Most immature SCs originally surround large numbers of axons but then proceed to establish a one-to-one relation with a single axon to become promyelinating SC. Finally, promyelinating cells transition to the myelinating state and ensheath the axon with the multilamellar myelin sheath. Critical for the transition from one developmental stage to the next is the repression of genes involved in the antecedent stage (e.g., Sox2, Notch1, and c-Jun), as well as the activation of new genes that will define the next stage (e.g., Egr2/Krox20, Mbp, and Mpz). Recent studies suggest that miRNAs, by abetting the repression of antecedent negative regulators, play a critical role in the transition of an immature undifferentiated SC to a myelinating SC.
The critical role of miRNAs in SC differentiation and myelination has been revealed by a flurry of studies using Dicer1 depletion both in vitro and in conditional knockout mice (Bremer and others 2010; Pereira and others 2010; Verrier and others 2010; Yun and others 2010). Conditional deletion of Dicer1, using a transgenic mouse expressing Cre recombinase under the control of SC lineage-specific promoters such as Dhh-(Bremer and others 2010; Pereira and others 2010) or P0gene promoters (Yun and others 2010), results in congenital hypomyelination and consequent behavioral phenotypes, inclu ding severe hindlimb paralysis. Similarly, Dicer1 knockdown by lentivirus-mediated short hairpin RNA (shRNA) leads to the failure of SC differentiation in vitro (Verrier and others 2010) .
In Dicer1 conditional knockout (cKO) sciatic nerves, the most prominent phenotype is an arrest of SC differentiation at the promyelinating state, similar to other congenital hypomyelination mutants (Le and others 2005; Topilko and others 1994) . Most SCs have completed the process of radial sorting, although some unsorted bundles are observed (Bremer and others 2010; Pereira and others 2010; Yun and others 2010) . Most SCs reach the promyelinating state, establishing a one-to-one relationship with axons but failing to myelinate. Very few compact myelin sheaths were observed, and many of these appeared thinner than usual; it is unclear whether these cells represent true outliers or underwent recombination at a slightly later time than the rest of the cohort, thereby bypassing arrest at the promyelinating state. The number of myelinated axons, albeit very few, displays some regional specificity, being more common in the quadriceps nerve than in the saphenous nerve (Pereira and others 2010 ). The regional specificity may be due to intrinsic differences among SC subpopulations or the distinct influences or activities exerted by motor versus sensory axons. Finally, nonmyelinating (Remak) SCs also display aberrant morphology in these mutants (Bremer and others 2010) . In contrast to normal Remak bundle formation, in which SC squeezes its cytoplasm between the axons, mutant SCs engulf groups of small-caliber axons as a whole without axon sorting by their processes (mesaxons; Bremer and others 2010).
Consistent with an arrest in differentiation, deletion of Dicer1 results in a drastic reduction of mature SCspecific genes (e.g., Mbp, Plp1, Mag, Mpz, Pmp22) and the positive master regulatory transcription factor, Egr2/ Krox20 (Pereira and others 2010; Yun and others 2010) . At early stages, neuregulin/Akt signaling is also reduced in mutants and could underlie the reduced thickness of the occasionally occurring myelin sheaths (Bremer and others 2010; Pereira and others 2010) . In contrast, in Dicer1-depleted SCs, mRNAs of antecedent stages (e.g., Ccnd1, Ngfr, Notch1, Hes1, Sox2 , and, to a lesser extent, c-Jun) fail to be repressed and are thus elevated compared with age-matched controls (Pereira and others 2010; Verrier and others 2010; Yun and others 2010) . De-repression of Sox2 was not observed in one study (Bremer and others 2010) , likely because of the younger age of nerve used, when Sox2 levels were relatively high even in controls. In accordance with the molecular and ultrastructural analysis, proliferation is increased in Dicer1-depleted SCs (Bremer and others 2010; Verrier and others 2010; Yun and others 2010), suggesting a failure to appropriately exit the cell cycle. These observations suggest that during development, miRNAs normally suppress negative regulators of myelination and promote cell cycle exit, similar to their role in CNS myelination (Fig. 3 ) (Dugas and others 2010; Zhao and others 2010).
miRNA-Mediated Regulation of PNS Myelination
Two studies have carried out miRNA profiling analysis and uncovered a cohort of miRNAs that are significantly increased during SC development and down-regulated in Dicer1 mutants in vivo (Bremer and others 2010; Yun and others 2010) . A third study profiled miRNAs in cultured SC (Verrier and others 2009; Verrier and others 2010) . These studies show that miRNAs are dynamically expressed during development, as well as in different culture conditions. In Dicer1 mutants, the expression of several miRNAs is drastically reduced. Interestingly, in Dicer1 mutants, even more than 2 weeks after recombination of the Dicer1 allele, several miRNAs persist at high levels (Yun and others 2010) . This could be due to the extraordinary stability of miRNAs (Jung and others 2010) or to an enticing new possibility that some miRNAs are synthesized by a Dicer1-independent pathway (Chong and others 2010) .
Although most miRNAs up-regulated in differentiated SCs are not overlapping between in vitro and vivo studies, several key miRNAs are common between two in vivo studies. Despite the fact that slightly different ages of animals and different selection criteria are used, miR-138 and miR-338 are identified in two studies as potentially important for SC development (Bremer and others 2010; Yun and others 2010) . In heterologous cell assays, miR-138 and its reverse strand, miR138*, modestly repress three genes characterizing the undifferentiated SC: Ccnd1 (cyclinD1), a cell cycle gene in G1/S transition, and Jun and Sox2, two negative regulators of SC differentiation (Yun and others 2010) . Ccnd1 could exert its effects on SC proliferation, at least in part, by transcriptionally enhancing expression of Notch1, a negative regulator of myelination (Bienvenu and others 2010; Woodhoo and others 2009). Thus, miR-138 may regulate cell cycle exit and myelination by inhibiting the Ccnd1 and Notch signaling pathways, as well as negative regulators of myelination such as Sox2 and c-Jun (Fig. 4) . miR-338 is predicted to target Jun, Ccnd1, and Ngfr. Further in vivo experiments are required to confirm the activity of miR-138 on its targets, as well as explore additional potential targets of miR-138 and miR-338.
Besides miR-138 and miR-338, other miRNAs are likely to be important in SC differentiation. miR-145 is modestly down-regulated in Dicer1 mutants in vivo (Yun and others 2010) and in vitro (Verrier and others 2010) . This miRNA was shown to target Sox2 to repress pluripotency in human embryonic stem cells (Xu and others 2009) and may potentially do the same in SCs. miR-204 increases during development, is reduced in Dicer 1 mutant nerves, and is also predicted to target Sox2 (Targetscan algorithm). Because Sox2 is a potent negative regulator of Egr2 and myelination (Kao and others 2009; Le and others 2005) , targeting Sox2 by multiple miRNAs such as miR-138, miR-145, and miR204 may be crucial to allow SC differentiation. In addition, other miRNAs that target the Notch pathway could also be important for myelination. miR-34a (Bremer and others 2010) could be relevant to SC proliferation and differentiation because miR-34a inhibits cell proliferation by repressing Notch and mitogenactivated protein kinase (MAPK) signaling pathways (Ichimura and others 2010; Pang and others 2010) . miR-146b is also predicted to target Notch1 (Targetscan) and hence could be involved in suppression of Notch signaling ( Fig. 4) . Finally, unrelated to repressing negative regulators, miR-29a was proposed to repress Pmp22 expression at early stages. In this regard, two studies show contradictory expression profiles of miR-29a expression (Verrier and others 2010; Yun and others 2010) . Further work is required to elucidate the expression and functional role of each of these miRNAs in SC differentiation.
Given the wealth of miRNA profiling studies in myelinating cells in the CNS and PNS, it is now possible to compare these cell types. Interestingly, several miRNAs identified in SCs are also expressed in differentiating oligodendrocytes (Bremer and others 2010; Lau and others 2008; Yun and others 2010) . For instance, in CNS and PNS studies, miR-138 and miR-338 increase during development and are drastically decreased in Dicer1 conditional mutants (Bremer and others 2010; Dugas and others 2010; Yun and others 2010; Zhao and others 2010) . In contrast, miR-219, a critical miRNA implicated in oligodendrocyte differentiation (Dugas and others 2010; Zhao and others 2010), is not present in SCs (Yun and others 2010) , suggesting that myelinating cells in the CNS and PNS are regulated by partly overlapping but distinct miRNA networks. It would be significant in the future to identify the miRNA(s) that promotes SC differentiation and myelination.
miRNAs in Demyelinating Diseases
miRNAs are key players not only during development but also during disease formation. They have been implicated in many neurological diseases, including brain tumors gliosis and immune cell infiltration in demyelinating lesions, strongly up-regulated miRNAs in tissue lesions are mainly assigned to astrocytes, T cells, and monocytes (Junker and others 2009) . Several miRNAs up-regulated in active MS lesions, including miR-34a, miR-155, and miR-326, target to mRNA of CD47, which functions as an inhibiting "don't eat me" signal for macrophage activity (Oldenborg and others 2000) . Thus, miRNAs may reduce CD47 expression and permit macrophages to execute phagocytosis of myelin debris in MS lesions. Strikingly, mature oligodendrocyte-enriched miRNAs such as miR-219 and miR-338 are the least detectable miRNAs in chronic MS lesions (Junker and others 2009 ), suggesting that these miRNAs may also function in human oligodendrocyte maturation and myelin repair. Other miRNAs such as miRNA-23 may contribute to demyelinating diseases such as adult-onset autosomal dominant leukodystrophy by targeting lamin B1 (Lin and Fu 2009 ). An elevated level of lamin B1 by gene duplications preferentially leads to myelin loss in the CNS. Further miRNA profiling in different demyelinating diseases to identify miRNAs that reflect the fundamental feature of demyelinating pathology may point to new biomarkers showing a beneficial effect in therapy for demyelinating diseases such as MS.
Conclusion and Perspectives
The discovery of miRNAs enables a deeper insight into the complexity of gene regulatory networks during the myelination process. Distinct patterns of miRNA expression during normal myelinating cell development and different phases of demyelinating diseases such as MS have been revealed recently. The functional significance of some of these miRNAs is beginning to emerge-miRNAs play multiple roles in oligodendrocytes and SCs, including cell proliferation, differentiation, and myelin homeostasis. A consensus based on the data from the CNS and PNS is that miRNAs control the myelination program by repressing negative regulators of myelination, inhibiting neuronal cell lineages, and promoting cell cycle exit of the precursors (Fig. 2) . A challenge remains to understand the individual components of the entire miRNA network and their functional interplay with regulatory circuitry that controls the myelination program during development and myelin regeneration after injury.
Finally, understanding miRNA signatures during development and in disease states will be valuable both for diagnostic and therapeutic purposes. miRNAs have an advantage over mRNAs as they are more stable and do not undergo a significant decay during the tissue sample processing (Jung and others 2010) . The robustness of profiling data suggests that miRNAs are potential biomarkers for diagnosis or monitoring demyelinating diseases.
Further uncovering key functions for miRNAs will illuminate important aspects in regulating myelination processes. New knowledge about these small regulatory molecules will offer novel therapeutic interventions by which disease-related miRNAs could be antagonized or functionally restored for myelin repair. The future challenge will be to translate this knowledge into improved outcome for patients with demyelinating diseases.
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